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1
Introduction

After the RAN#75 meeting, a new SI was agreed [1] main objective of which is to study relaying technologies for NR. Since the NR radio access technology will exploit availability of higher frequencies spectrum, it is anticipated that more NR base station will be needed to achieve the same coverage as with low frequencies. Thus, relay networks will help operators to deploy and connect more base stations in a simple and the cost efficient way.

One of the technical topics considered in RAN WG2 has been ARQ operation in relay networks. As there can be intermediate relay nodes between a UE and the gNB, it is an open question whether intermediate relay nodes should run the ARQ state machine. During previous meetings, RAN WG2 captured some of the pros and cons for two distinctive cases when ARQ works in the so-called end-to-end and hop-by-hop modes. However, as we expressed in the past and as will be presented later in this paper, both modes should ideally be supported because they address different use cases and scenarios. 
In this discussion paper we elaborate further on different scenarios with different requirements explaining why both ARQ modes, end-to-end and hop-by-hop, should be available in NR relay networks.

2
ARQ modes for NR relays
Before delving into the details of how ARQ can work in the relay networks, it is worth noting that it is already the case for the baseline LTE and NR that the base station decides and configures the most appropriate ARQ mode for a particular radio bearer based on its requirements. As an example, it is a common case that UM mode is chosen for the UDP-based VoIP like delay critical services, while AM is chosen for the TCP-based applications that are sensitive for packet drops. Nevertheless, it is the network choice which ARQ mode is activated for a particular case.  
Observation 1:
In the legacy networks, UM or AM ARQ mode is decided by the network based on a particular service QoS requirements.
Once relays are deployed, an operator has to make same decision on which ARQ mode should be applied for a particular bearer. However, as already discussed in RAN WG2, there is another dimension on whether ARQ state machine should be instantiated in every intermediate relay node or not. As already captured in the corresponding TR, ARQ state machine in the intermediate relay nodes can ensure fast packet retransmission providing a noticeable benefit for the ARQ AM mode. At the same time, the ARQ UM state machine does not have any retransmission function. Even though it still can be configured at all the intermediate relay nodes, it will just introduce additional processing delays. It is worth noting that since NR aims to provide quite tight delay requirements, it is very crucial to ensure that introduction of relays do not increase end-to-end delays. It is already the case every relay hop will add additional delay due to buffering and scheduling, so this delay should not be increased by unnecessary ARQ UM state machine processing.
As a summary, whether intermediate relay nodes have ARQ state machine or not can and should be decided by the network. As an example, intermediate relay nodes may have ARQ state machine for those bearers that require AM mode, whereas it can be omitted for those bearers for which UM mode is activated. 

Observation 2a:
For relays, the network should make the same decision whether RLC AM or UM mode is chosen for a particular radio bearer.

Observation 2b:
For the TCP-based applications for which ARQ AM mode is activated, it could be indeed more beneficial to instantiate ARQ state machine at every intermediate relay node.

Observation 2c:
For the UDP-based delay critical services for which ARQ UM mode is applied, it could be more beneficial to avoid unnecessary delays in the intermediate nodes caused by the ARQ state machine processing.
Finally, it is worth mentioning that once the network has a capability to control which intermediate node has ARQ state machine for a particular bearer, one can consider activating ARQ state machine only at the last hop relay node (it is referred to as two-hop ARQ mode in IEEE 802.16 specifications). The main rational behind this configuration is that if relay links are strong and are not likely to experience significant quality losses, then ARQ state machines are not needed there. At the same time, having ARQ state machine at the last hop relay node will ensure fast packet retransmission over the access link, which indeed can be weak for a particular UE. 
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Figure 1: Summary of possible ARQ modes (end-to-end, hop-by-hop, and two-hop).
3 Conclusion
In this discussion paper we have presented our view on ARQ modes for NR relays and which ARQ modes can be activated for particular scenarios. As explained in the paper, it is highly anticipated that for the data bearers with the TCP-based applications the ARQ AM mode will be activated, whereupon it indeed could be beneficial to consider instantiating the ARQ AM state machine at every intermediate relay node. As for the UDP-based delay critical services such as VoIP, the ARQ UM mode will be chosen, for which intermediate nodes do not have to run the ARQ UM state machine. 
Proposal:
For NR relays, the network decides which ARQ mode is applied for a particular bearer at every intermediate relay node. 
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